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REMARKS 

Claims 1 1-19, 21-25, 27, 28 and 30*33 are pending in this application. Claims 12, 14- 
16, 18, 19, 21, 22, 24, 25, 27, 28, 30 and 31 are withdrawn from consideration by the 
Examiner. By this Amendment, claim 1 1 is amended, claims 26 and 29 are canceled, and 
claims 32 and 33 are added. Support for the amendments to claim 1 1 and the new claims may 
be found, for example, in the specification at page 7, lines 12-26, and in the original claims. 

In view of the foregoing amendments and following remarks, reconsideration and 
allowance are respectfully requested. 
I. Rejection Under 35 U.S.C. SI 03 

The Office Action rejects claims 11, 13, 17, 23, 26 and 29 under 35 U.S.C. § 103(a) as 
having been obvious over U.S. Patent No. 6,686,505 to Watanabe et al. ("Watanabe") in view 
of JP 1 1-189600 to Ikariya et al. ("Ikariya"). Claims 26 and 29 are canceled. As to the 
remaining claims, Applicants respectfully traverse the rejection. 

Claim 1 1 is directed to a process for producing an optically active alcohol comprising 

placing a metal complex represented by general formula (1) and a ketone compound in a polar 

solvent and without the presence of a base and stirring the mixture under pressurized 

hydrogen (hydrogen gas) to hydrogenate the ketone compound. The applied references would 

not have rendered obvious claim 1 1 for at least the following reasons. 

A. Watan abe An d Ikar iy a Do Not Teach 

Each And Every Element Of The Claimed Method 

Watanabe and Ikariya, alone or in combination, do not teach a method of making an 
optically active alcohol by hydrogenating a ketone compound without the presence of a base 
under pressurized hydrogen. 

Ikariya teaches various ruthenium complexes (i.e., formulae 1 to 4) that perform 
hydrogenation of a carbonyl compound. See paragraph [0040]. One type of ruthenium 
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complex (hereinafter referred to as "Type A") disclosed in Dcariya is a complex where X and 
Y are hydrogen, which is a complex that can perform hydrogenation of the carbonyl 
compound without addition of a base under pressurized hydrogen. Id. Another type of 
ruthenium complex (hereinafter referred to as "Type B") is a complex where X and Y are not 
hydrogen, which is a complex that can perform hydrogenation only in the presence of a base 
under pressurized hydrogen, or in the presence of a hydrogen donor. Id; see also Examples 12 
and 14 (showing that Type A complexes can hydrogenate a carbonyl compound without 
addition of a base), and Examples 1 1 and 13 (showing that Type B complexes can 
hydrogenate a carbonyl compound only in the presence of a base). 

However, Dcariya further teaches that the RuH 2 (P-P)(N-N) complex, which is the Type 
A complex, is obtained by treating RuXY(P-P)(N-N) with a base in 2-propanol. See 
Examples 1 and 3. Dcariya thus teaches that a metal complex having a halogen on ruthenium 
must be treated with a base, such as 2-propanol, in advance for the complex to be capable of 
reducing ketones without a base under hydrogen gas. Therefore, Type A complex performs 
hydrogenation under hydrogen gas without the addition of a base, and Type B complex 
requires the addition of a base in order to perform hydrogenation under hydrogen gas. 

Watanabe teaches a Type B ruthenium complex, where X is not hydrogen but an 
anionic group. By applying the method taught in Dcariya, the RuCl(Tsdpen)(p-cymene) is 
treated in advance with a base in methylene chloride to generate Ru(Tsdpen)(p-cymene), 
which is an amide complex, or in 2-propanol to generate RuH(Tsdpen)(p-cymene), which is a 
hydride complex. See Haack, Complex 2 and Complex 3 (attached). Both the amide 
complex and the hydride complex are catalytic active species disclosed in Watanabe, and 
represent a catalyst cycle in which the amide complex reacts with 2-propanol to form a 
hydride complex and the hydride complex asymmetrically reduces ketones to form back into 
an amide complex. Thus, Watanabe, in view of Haack, teaches that an amide complex can 
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hydrogenate a carbonyl compound only by reacting it with a hydrogen donor, such as 2- 
propanol, and not hydrogen gas. 

Furthermore, as discussed in the June 15, 2010 Request for Reconsideration After 
Final Rejection, Fujii teaches that an amide complex cannot hydrogenate a carbonyl 
compound in hydrogen gas. Specifically, Fujii teaches that where RuCl(Tspden)(mesitylene) 
complex (Complex 3) is added to a ketone (la) at a ratio S/C of 200 in a mixture of acetic 
acid and triethylamine (2:1) under pressurized hydrogen, 75%ee alcohol was obtained only at 
5% yield. See page 2522, right column, lines 22-28. An ordinarily skilled artisan would have 
recognized that reacting Complex 3 with acetic acid and triethylamine generates an amide 
complex. Thus, an ordinarily skilled artisan would have understood that an amide complex 
cannot effectively activate hydrogen gas and, thus, cannot effectively hydrogenate a carbonyl 
compound, thereby resulting in low enantioselectivity. An ordinarily skilled artisan would 
have expected the same result for a hydride complex because, as discussed above, a hydride 
complex takes the form of an amide complex once it reduces a ketone. 

In contrast, the claimed method provides successful reactions using hydrogen gas at a 
ratio S/C 500, 800, 1000 and 3000, resulting in high enantioselectivity. See specification, 
Examples. Thus, when hydrogen gas is used as a hydrogen source, the optically active 
alcohol produced by the claimed method imparts far superior catalytic ability and 
enantioselectivity, as compared to the conventional amide complex, such as the ones 
disclosed in the applied references. 

Therefore, Ikariya teaches a method of treating a ruthenium complex in advance with 
a base in order to perform hydrogenation under hydrogen gas. When the method of Ikariya is 
applied to the metal complexes of Watanabe, the metal complexes generate an amide 
complex or a hydride complex, both of which cannot effectively activate hydrogen gas. Thus, 
Watanabe and Ikariya, alone or in combination, do not teach a method of making an optically 
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active alcohol by hydrogenating a ketone compound without the presence of a base under 
pressurized hydrogen. 

B. Watanabe And Ikariya Do Not Teach The Recited Metal Complex 

Claim 1 1 requires a metal complex represented by general formula (1), wherein X is 
an anionic group except for hydrogen atom. Thus, the metal complex of the claimed method 
contains a dissociative anionic group, such as a halogen group on a ruthenium, the metal 
complex capable of providing a catalytic active species (cationic catalytic active species) that 
can activate hydrogen gas without the addition of a base. 

Watanable and Ikariya, as discussed above, teach an amide complex, a hydride 
complex, or a ruthenium complex. Watanabe and Ikariya, viewed alone or in combination, 
do not teach a metal complex comprising a dissociative anionic group except for hydrogen 
atom, such as a halogen group on a ruthenium. 

C. Conclusion 

For at least these reasons, the applied references would not have rendered obvious 
claim 11. Claims 13, 17 and 23 depend from claim 1 1 and, thus, also would not have been 
rendered obvious by the applied references for the same reasons. Accordingly, 
reconsideration and withdrawal of the rejection are respectfully requested. 
II. New Claims 

By this Amendment, new claims 32 and 33 are presented. New claims 32 and 33 
depend from claim 1 1 and, thus, distinguish over the applied references for at least the 
reasons discussed above with respect to claim 1 1 . 

Furthermore, claim 32 requires that the ketone compound is a ketone having a halogen 
substituent at a-position, a chromanone derivative, a diketone, a ketoester, a ketoamide, or an 
indanone. The applied references do not disclose any of the recited ketone compounds. 
Instead, Watanabe teaches a cyclic ketone, in which any two of Ri to R 3 bond to form a ring. 
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See coL 5, line 9; and examples at cols. 10 and 15. Watanabe also teaches (1) a ketone 
having olefin or acetylene, where Ri is an unsaturated aliphatic hydrocarbon (See col. 4, line 
61); (2) a ketone having a hydroxyl group, where Ri has a substituent (See col. 4, line 60); 
and (3) a ketone having a halogen group, where R } has a substituent (See col. 4, line 60). See 
examples at cols. 9, 13-15 and 17. Ikariya generally teaches a carbonyl compound and 
acetophenon in the working examples. Neither Watanabe nor Ikariya disclose any of the 
recited ketone compounds. 

Claim 33 requires that X of the metal complex represented by general formula (1) is 
an anionic group selected from the group consisting of a fluorine group, a chlorine group, a 
bromine group, an iodine group, a tetrafluoroborate group, a tetrahydroborate group, a 
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate group, an acetoxy group, a benzoyloxy group, a 
(2,6-dihydroxybenzoyl)oxy group, a (2,5-dihydroxybenzoyl)oxy group, a (3- 
aminobenzoyl)oxy group, a (2,6-methoxybenzoyI)oxy group, a (2,4,6-triisopropylbenzoyl)oxy 
group, a 1-naphthalenecarboxylic acid group, a 2-naphthalenecarboxylic acid group, a 
trifluoroacetoxy group, a trifluoromethanesulfoxy group, and a trifluoromethanesulfonimide 
group. Watanabe and Ikariya, viewed alone or in combination, do not teach a metal complex 
having any of the recited anionic groups. Instead, as discussed above, Watanabe and Ikariya 
merely teach an amide complex, a hydride complex, or a ruthenium complex that does not 
contain a dissociative anionic group X. 

Accordingly, prompt examination and allowance of new claims 32 and 33 are 
respectfully requested. 
III. Conclusion 

In view of the foregoing, it is respectfully submitted that this application is in 
condition for allowance. Favorable reconsideration and prompt allowance of the claims are 
earnestly solicited. 
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Should the Examiner believe that anything further would be desirable in order to place 
this application in even better condition for allowance, the Examiner is invited to contact the 
undersigned at the telephone number set forth below. 



JAO:TTK 

Attachments: 

Haack et al. 

Petition for Extension of Time 
Request for Continued Examination 

Date: September 15, 2010 



Respectfully submitted, 




Tommy T. Kim 
Registration No. L0543 



Oliff & BERRIDGE, PLC 

P.O. Box 320850 

Alexandria, Virginia 22320-4850 

Telephone: (703) 836-6400 



DEPOSIT ACCOUNT USE 
AUTHORIZATION 



Please grant any extension 
necessary for entry of this filing; 
Charge any fee due to our 
Deposit Account No. 15-0461 
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The Catalyst Precursor, Catalyst, 
and Intermediate in the Ru"-Promoted 
Asymmetric Hydrogen Transfer between 
Alcohols and Ketones** 

Karl-Josef Haack, Shohei Hashiguchi, Akio Fujii, 
Takao Ikariya, and Ryoji Noyori* 

Well-designed chiral Ru n -arcne complexes catalyze the 
asymmetric transfer hydrogenation of ketones or imines with 
stable organic hydrogen donors such as 2-propanol 11, aJ and 
formic acid. 133 In these reactions certain derivatives of 1,2-di- 
_Jamines and /J-amino alcohols'can serve as excellent chiral mod- 
ifiers and lead to high reactivity and enantioselectivity. For ex- 
ample, when a 0.1 M solution of acetophenone in 2-propanol 
containing [{RuCl 2 0f 6 -arene)} J , (lS,2S>/YvMoluenesuifonyl- 
1,2-diphenylcthyIcnediamjne ((S,S)-TsDPEr^, and KOH (kc- 
tone:Ru:diainine:KOH = 200:1:1:2 molar ratio) was allowed 
to stand at 28 *C for JO h, {o>l-pheny1elhanol..was obtained in 
up to 97 % ee and in 98 % yield [Eq. (a)] } ,,J We here disclose the 
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molecular structures of a prcforrned catalyst precursor 1, the 
true catalyst 2, and the reactive intermediate 3 for this asymmet- 
ric transfer hydrogenalion using 2-propanol. The functions of 
the added KOH and the KH moiety in the TsDPEN auxiliary 
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have also been clarified. Here we describe a very rare catalytic 
system in asymmetric transforma lions for which both the true 
catalyst and the reactive species have been isolated in a pure 
state. 141 The success can be attributed to the reversible reactions 
with different but comparable energy profiles. 

First, the catalyst precursor 1 was prepared as orange crystals 
in >90% yield 'by reacting [{Rua^-p-cymene)} J t (S,S)- 
TsDPEN, and KOH (Ru: diamine: KOH = 1:1:1 molar ratio in 
CH,Cl r at room temperature) or, more effectively, triethyl- 
amine (Ru: diamine: NEt 3 =1:1 :2 in 2-propanol at 80°Q. The 
single-crystal X-ray analysis illustrated in Figure 1 indicates 




Figure 1. Molecular structure on in the crystal. AU hydrogen atoms except for the 
proton of the amine ligand nod those at the carbon atoms in the chelate backbone 
and one crystal water molecule have been omitted for the sake or darity. Selected 
diatnoexs [X\ and nngi« p): Au-G 2.435<4>. Ru-Nl 2.1 J7(9). Ru-N2 i 144(8), 
Rud — HN Nl-Ru-N2 79.4(3). Ru-Nl-Cl 112.8(7), Ru-N2-C2 111.6(6). 

that this 18-eIectron Ru" complex has a distorted octahedral 
coordination environment with *j 6 -arene, amino, sulfonamide, 
and chloro ligands. 15 * The chirality of (S.SyTsDPEN forming a 
^-configurated five-rnembered ring determines the (R) configu- 
ration at Ihe Ru center. 161 Noteworthy is the very short 
CI • • - HN distance or 2.57 A (expected vao der Waals separa- 
tion* 3.0 A)» which is ascribed to an intramolecular hydrogen 
bond. 171 Tine 'HNMR spectrum confirmed that 1 exists as a 
single diastereomcr in CDCl 3 solution. 

The Ru complex 1, which catalyzes the asymmetric transfer 
bydrogenation of acetophenone in 2-propanol containing 
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KOH, ts merely a catalyst precursor. This complex has acidic 
NHj protons as confirmed by rapid H/D exchange with 
CH 3 OD. Complex 1 undergoes facile elimination orHCl prob- 
ably by a D^, mechanism 181 on treatment with one equivalent of 
KOH in a CH 2 C1 2 — water two-phase system at room tempera- 
ture to afford the true catalyst 2 as deep purple crystals in 87 % 
yield. This complex reverts back to i upon reaction with tricthyl- 
ammonium chloride. The X-ray crystaliographic analysis (Fig- 
ure 2) reveals that 2 is a monomelic, formally 16-elcctron neu- 




Bgurc 2. Molecular sincere of 2 in the crystal. AD hydrogen i\toms execrrt for the 
proton oTihc omidft Ug<wd and those at the carbon aloma in the chelate backbone 
have been omitted Tor the sake of dariiy. Selected distances [A] and angles H- 
Ru-Nl 1.89?<6). Ru-N2 2-06S<6>. NI-H13 t>J88(&): N1-RO-N2 7eL9(2j, Ru-NI- 
CI 121-2(5), RU-N2-C2 114.9(4). 

iral Ru n complex with a square-planar geometry; 15 * 91 the metal 
center is coordinated to two anionic nitrogen atoms and to 
^cymene, which acts as a bis(lhree-electron) donor (neutral 
formalism). The baste skeleton (subsiituents on the nitrogens 
and arene neglected) has a mirror plane and the face ofthearcne 
ligand is perpendicular to ihe N!-Ru-N2 plane. Both Nl and 
N2 have planar geometry. Most notably, the NI-Ru bond 
(1 897 A) is shorter than the N-Ru single bond in a Ru"- 
anilide (2.01 -2.1 6 A) u 01 but longer than the distance in a Ru - 
imide complex (1 .75 A) for which an N - Ru triple bond may be 
assumed.' 1 11 This finding implies significant double bond char- 
acter for the Nl-Ru bond in X 1121 The N2-Ru bond in 2 
(2.065 A) is shorter than thai in I (2.144 A but substantially 
longer than the Nl-Ru bond in 2 owing to the electronegative 
tosyl substituent. 

Because of the unique nature of the Ru-Nl bond, 2 shows 
distinct dchydrogenaUvc activity for methanol, ethanol, and 2- 
propanol. For instance, when the purple complex 2 was treated 
with 2-propanol at room temperature in the absence of base, 
rapid elimination of acetone look place to produce the yellow 
ruthenium hydride species 3, which gives rise to a HNMR 
signal at 8 = - 5.47 in [D a Jtoluene [Eq. (b)). The xineucally 
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controlled reaction was highly stereoselective giving the (fl)- 
configurated, octahedral Ru" complex, 16 * whereas its dia- 
stereomer was formed in <1% yield according to J HNMR 
spectroscopy. The major stereoisomer 3 was isolated as the hy- 
drate in 70% yield as yellow needles by recrystallization from 
wet CH 3 OH. When the purple complex 2 was mixed with teri- 
butyl alcohol neither the color nor the 'HNMR spectrum 
changed. The Ru complex 3 was also obtained by reaction of 2 
and molecular hydrogen in toluene at room temperature, but 
only at 80 atm. The single-crystal X-ray analysis indicates that 
this ruthenium hydride is structurally similar to the chloride 
complex I except for the orientation of the tosyl substituent 
(Figure 3).' 5) The distorted octahedral complex' possesses a <5- 
configurated, five-membered chelate ring (Nl-Ru 2.1 10 A. 




Figure 3, Molecular structure or 3 m ibe crystal. All hydrogco atoms ercepl Tor the 
hydride ot ruthenium, the two protons of the amine-Jigand, and those al the carbon 
atom* in the diefcte backbone, as wefl as \*t> water molecules to the lattice have 
been omitted for the sake or clarity. Selected distance* [k] and bond angles F\: 
Ru-HO !.40<l), Ru-Nl 2.110CD, Ru-K2 ZB9{9). N1-H13 OW), N1-HI4 
0.7(1), RuH0 — H14NJ 2-29; K»-Rt>-N2 78. 3(4). Ru-Nl-Cl 108.7(7), Ro-*2-C2 
inXK7). 

N2— Ru 2.139 A), an j^-arene ligand, and a hydrido ligand 
(Ru-H 1.40 A). The distance between HO on Ru and H14 on 
Nl is short (2.29 A; van der Waals separation 2.4 A), indicating 
a possible hydrogen bonding interaction. 1131 One water mole- 
cule is hydrogen bonded to H14 on >U, while the second water 
molecule within the lattice is disordered. Treatment or3 with a 
tenfold excess of acetone Jed instantaneously to the 16-cleclron 
species 2 and 2-propanol [Eq. (b)]. 

The purple complex 2 indeed catalyzes the asymmetric reduc- 
tion of acetophenone in 2-propanol without KOH to afford 
(£)-l-phenylelhanol in up to 95 % ee. The yellow hydride 3 be- 
haves in the same manner under catalytic conditions. The cata- 
lytic activity and stereoselectivity are identical to those observed 
with the complex formed in situ.l 1 * 1 Thus, under the conditions 
orEqualion (a), KOH is necessary onJy for the generation of the 
caialyst 2 via the precursor 3. The isolation or 3 confirms that 
the Ru-catalyzed transfer hydrogenalion takes place by way of 
a metal hydride rather than the metal alkoxides presumed for 
the Meerwtin-Ponndorf-Veriey type ^eaction. (,4, The extent 
of the enuiHioselectivity in the acetophenone reduction is inde- 
pendent of the bulkiness or chirality of the hydrogen donors. 
Methanol, ethanol, 2-propanol, and {R,S)- 9 (Ry, and (S>2-bu- 
tanol al) gave (5)-i -phenyl ethanol in the same enantiomeric 
purity 95±0.5%ee, indicating that 3 is the common intermedi- 
ate Reduction of acetophenone with (CH^CDOH (0.996 D at 
C2) catalyzed by 2 gave (S)-C 6 H 5 CD(OH)CH 3 (0.936 D at 
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CI) in 9S*Acc as expected. Experiments using mixtures or 
(CH^CHOH and (CH 3 ) 2 CDOH revealed a kJk D value of 
1 5 + 0.1 ^HNMR and GCMS): Because of microscopic re- 
versibility, ihe (S>S)-TsDPEN-bascd complex 2 dchydrogcnaics 
(SVl-phenylethanol in acetone more readily than the (A) enan- 
tiomer, allowing efficient kinetic resolution, of the racemate. - 
Notably, the reductive formation of 3 from 2 is consistently 
diastereoselective, regardless of the structure of the hydrogen- 
donating alcohol. 

Preliminary kinetic investigations proved the isolated com- 
plexes 2 and 3 to be the true catalyst and intermediate, respec- 
tively in the hydrogen transfer reaction following Equation (b) . 
The reaction of (CD 3 )iCO with (CH 3 ) 2 CHOH (0.37 to 1.9m) 
and 2 (0.45 x 10" 2 to 4.0 x 10" 2 u) at 23 °C was monitored by 
following the disappearance of the methyl resonance of 
(CH,) 2 CHOH in the *HNMR spectra. We found that the rate 
of acetone reduction is first order in [(CH 3 ) 2 CHOH] and first 
order in P). By reversing the deuteration, the acetone depen- 
dence could be measured. The reduction of (CH^CO with 
(CD 3 ) 2 CHOH catalyzed by 3 (or 2) was found to be zero order 
in t(CH 3 ) 2 CO] (saturation kinetics) at high concentration 
,j>0.4M), thus,-d[2-propanoiyd/-/c[2]l2-propanol], where 
> = 2.5 x 10~ 3 M" 1 s~\ whereas at low concentrations of ace- 
tone (0.19 to 0.39 m) the rate is first order with respect to 
[(CHJaCOJ. These results demonstrate that the reaction of 2 
with 2-propanol is the turnover-limiting step in the steady-stale 
hydrogen transfer [Eq. (b)] and that the reverse reaction of 3 
with acetone is more facile. 

In summary, the Ru -catalyzed hydrogen transfer between al- 
cohols and ketones occurs reversibly and is promoted by the 
bifunctional metal/ligand catalysts 2 and 3 possibly via a six- 
membered cyclic transition statcJ ld] The interconversion be- 
tween these 1 6- and 1 ^electron Ru complexes takes place by the 
action of an .'alcohol or ketone either directly or via a very 
shortlived intermediate. No other complexes that limit the rates 
are involved. 

Experimental^eciion 

Ail^ppcraSons were conducted under an atmosphere of dry argon aod standard 
-ScWeok-type glassware was. used. 
1: A mixture of [{Rca^C^/Hcymenc)),! 1)5] (1.53 g. 23 mmol). (S.S>TsDPEN 
\\e\ (1.83 g. 5.0ramol). and iriethylainir* (1.4 mL, lOmrnoI) in was 
baled al 80 e C for 1 h. The orange solution was concentrated and the resulting sobd 
collected by AhraUon. The erode compound was wwhed with a small amount 
jof water and dried under reduced pressure to give complex 1. Yield 2^9 g (94 /•). 
- ^Rccr^t^liattoo from 99% methanol afforded orange crystals. Dccorap > > 100 C; 
IR. IXBr)* v [cm" M: 3272, 3219, 3142 fH-N), 3063, 3030 (H-C._J. 2961. 2574 

(40), 134(15). 106 (100); 1 HKMR (400 MHz, CDC!,. 25'C.TMS): 6 -1.32. J.34 
(each d, MH.H) -7 Hz, 3 H; CH(Ctf,)x). 2.19 (s, 3 H; CH, in p-cym«ic), Z28 (s, 
3H; CH, in p-Ts). 3.07 (co, ! H; CH{CHJJ. 3^6 (in, 1 H; N/fH). 3.54 (m, IH; 
tfCNH^Xoo/d, VCH,H)~11 H2,lH;//CN-p-Ts). 5.68. 5.70, 5.7Z5JB6 (each d, 
)H: Oi^wrnrne), 6.61 (m. IH; KHH). 6.29-7.02 (14 H: 
SO^CHfC^rV^HCQTONHO: Anal, calcd. forC^H^ON^jRuS: C 58-53." 
534, N 4.40, d 5.57, Ra 1 5.89; found: C 58 .37. H 5.44. N 436. 0 5.75, R«i 1 5.83. 
2: Amixture orilRua^^-cyatenc)) J [1 5) (306.2 rng. 05 P^^^P^ 
[16] (366,4 rag. 1.0 mmoJ). and KOK (400 mg, 7.1 rnmol) m CH a d a (7 mL) was 
stirred at room temperature for 5 min. On addition of water (7 mL) to the reaction 
mixture, the color changed from orange to deep purple. The purple organic teycr 
was washed with water (7 mL), dried over CaH„ and concentrated to dryness to 
afford deep purple 2 (522 mg, B7% yield). The same complex was prepared by 
treatment or 1 with one equivalent of KOH in CH,CU at room temr^tu^ De- 
eorep > 80 *C; IR (KBr): v[ctn^): 3289 (H-N). 3070, 3017 (H-^J. » 68. 2920 
2859 (H FD-MS: miz <%) - 600 (10) IM 305 (5). 260 (25) 134 (20) 106 
(100); 'HNMR (400 MHz, fD.ltohicnc, 25 *C. TMS): 6 =1.20, 3.25 (eachd, 
V(H.H) «=7Hai T 3H: CH(C^/ J ) a ), 2-05 (s.3H; CH, m.pcymene), 2.22 (s. 3H; CH a 

(s. 1 H: //CK-^Ts), 5.11, 5^7, 5.28, 5JJ9 (each V(H3> - 6H ^ lH = CH - 10 
^^cymcne), 6.64 (br. d, 1 H; NH), 6.87, 7^7 (rach d. ^,H) =a 8 Hz. 2H; CH 
in p-Ts), 7i-7.7 (m, lOH; ^TaKCH(C t l7 9 )CH(C.H s )NH). Anal, calcd. for 



Ci.H^N.O.RuS: C 62.09, H 5.71. N 4.67. Ru IS.85; Touod: C 62.06, H 5.77. N 
4.66. RU 16.47. 

3: The purple complex 2 (600 tug. I -0 mrr.ol) was dissolved in 2-propanol ( 10 mL). 
and the resulting red solution was stirred al room temperature for 15 mi a. The 
solvent was then removed under reduced pressure at room temperature lo give a 
brownish yellow compound, which was washed with cold pentooe and recrystallizrd 
from methanol to provide orange needles (420 mg. 70% yield). Under vnruum m 
room tempcratore the needles turned brown. The »mt- compound 3 was obtamed 
by stirring a toluene solution of 2 (600 mg. L0 romol) under 80 atm H, «n an 
autochive at room temperature Tor 18 b. Dccornp >60-C; 1R (KBr): 5 tem" 1 ): 
"3335 3317 3228 31 53 (H-N). 3060, 3025 (H-C,„ J. 2960. 2917. 2867 (H-C^^). 
19U*{broai H-Ru); 'H NMR (400 MHz. p,)ioluene. 25*aTMS): B « - 5.47 
s H- RoH). 1^3. 1 J9 (each d. V(H.H) « 6Hz, 3H: CM{CH>\). 2^9 (s, 3H; 
Ckl in f^ymene). 2.45 (s. 3H; CH, in ,-Ts). 2.79 (m, 1 H; N/flO, 2.93 Cm. 1 H; 
SffiiO d, .jftwq .«ft,lft irCW-a-Ts). 4.02 (m. IH: WCNHJ, 
5 15 5 19 5.43. 5 J8 {each d, >J&M) » 6Hz. IH; CH_ in p^ene). 5.29 (m. 
1*H:*NHH). 6.49. 7.59 (each d. V(HiJ) - 8 Hz, 2H; CH in Ts). 6 9-7.] I (m. 
10H- p-TsNCH(C,W a >CH(C,H 5 )>fH 1 ). AnaL calcd. for C^H^N^RuS: 
C 61.88 H 6.02. N 4.66 R* 16^0: Tound: C 61.79, H 5.94. U 4.70. Ru 3636. 
Kinetic study: The reaction was initiated by adding 2-propanol to a mixture or 
ncctone and 2 ai 23 'C. The total volume was maintained at 0.7 mL When a amall 
amount of acetone was employed. 2-min sqnicauon was necessary to dissolve 2. The 
reaction was monitored at 5-min intervals by measuring the integrals or the methyl 
proton sienols in the l H NMR specirum 16 = J.06 (2-propanol) and 2.04 (acetone)). 
The reaction or (CD,>,CO and 2-propanol (0.37- 1.9 m) with 2 <i3 x 10" 1 m) was- 
monitored over a period of 60 min with 2-propanol conversion in the ran S e mil lo 
20%. The plot oHg{initial rate) versus lg(2 -propanoic showed a linear dependence 
cvioR i» - (assumed to be 1, within experimental error) . TW -cU2-prop3noiy 
dWfc^-propanolJ, where k M = 5.4 * HT> *l 23'C The reacuon oT 
iCU^CO and 2-propanol (!.87 m) with 2 (0.45* I0"> to 4.0 k 10 «) was moni- 
tored over a period or 60 min with 2-propanoi conversion m therangeor6.7 to 28%. 
The plot orig(lnirinl m:e) versus IgpJo gave« » 0.8 (assumed to be 1. wnhin i «P«i- 
mcnml error). Thus. - d[2-propaDoll/d/ - k^Jl). where k M = 4.7 x 10 5 
at 23 *C. 

The reaction of aaton* (0.19-039 m) with 2 (1 J x 10' a M> in (CD^^HOH was 
monitored over a period of 5 min with 2-propanol conversions of up to 40 %. The 
plot Of lg(initial rate) versus ^acetone), gave n«l.0. Thus. ~d(acetonel/ 
df - k» JacetoncJ. where Jt,^, - 1 A * 10"* s" at 23 «C Tne initial rate became 
zero order Tor ae=too* concentration > 0.4 M- Thus, -d}acelour}/dr = Ac^, where 
**-w=:7.8xE0-''ms-\ 
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IM a) Crystal structure analysis of 1- J H.O: C„H 37 aN 3 0,RuS, 3f r = 654^3, 
onuaae crystal (0.1 x 0.1 x 0.2 mm), onhorhombic. space group fJ,2A (no. 
39W-14.743(5). 6»24^25(9), r-8^49(9)A. K = 3127(3)A 3 t Z * 4, 
^ -l39 f ea->. ^(Mo.J - 6.86 m"" T « 263 K.3I6S ReTfcctions were 
Sdcpendent aod unique, and 2278 with / > 3.00*/) {28 - 50*) w*re -cd 
for tbc structure solution. AU hydrogen atoms were cafcuuurd from ideal 
geometries, fixed, and included in the calculation of tbc structural factor. 
R « 0.050, Jew - 0.060, w = (<r»(/3 +0.0025F 1 )- l . Crystal structure analysis 
of2:C 41 H^N 3 O a Ru5,*/ r = 599.75, deep purple crystal (a 1x0. 1x0.1 mm), 
orthorhombic. space group ?2 l 2i2, (no. 39). o« 13.899(5) 6-19 084(4). 
c = 10.672(3) A, Kx= 2830(1) A 3 . Z = =1.41 gem-*. tfMo^J = 

6v58 cm' »• T= 243 K. 3651 Rencctions were indepecdem and unique, and 
2310 with / > 3.00o(i) (20_, « 55') were used for the structure solution. Tbc 
hydrogen atom ot Nl could be localized and wbs refined ijouopfcaDy. and the 
remaining hydrogen atoms were calculated from ic^ geometries fixe^and 
incleded in the calculation of tbe structural factor. A - 0.036, Rrt =* 0J)33. 
w=» (tr^in -t- 0.0025 r 7 *)" 1 . Crystal structure analysis of 3-2 H,0: C S1 H„- 
N,O.RuS. M » 637.77. yellow crystal (0.1 x 0.1 x 0.1 mm) , onhorhombic, 
space groop /2.2A (no. 19). a ==15^175(2) 18 .821(2). e- 11.717(2) A. 
r= 3324.1(8) A*, Z~4, p# , w = JJS B em 3 , />(MoJ - 5.68 cm , T- 
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245 K Reflections were independent nod unique, and 21 62 vrilh 

/ > 3 QOaf/) CO « 55 s ) were used for ihc structure solution. The hydrogen 
aioms at Nl and at Ru could be localized and were refined isoiropicaHy. ami 
the remaining hydrogen moras were calculated from ideal geometries, fixed. 
or ui included In the calculation of the structural factor. A - 0.050. Jhr <= 0.067. 
, r „ f ff :in+(h0Q25.F J r t . Rigaku AFC7R difTracto meter (graphtle mono- 
Lo^io?. S structures were solved with PATTY and D1RD1FW 
KM. Crystallograpbic data (excluding structure factors) for 0»e structure* re- 
UAed in this paper have been deposited with Lhe Cambridge Crystaltographic 
Data Centre ^supplementary publication no. CCDC-179-149. Cop« .oTlhe 
data can be obtained Tree of charge bn application to Tbe Ki^CCDUU 
Union Rood. Cambridge CB2 1EZ, UK (f«: lot code + (12 
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a hydrogen source. 11 * 3 '* 1 Since this asymmetric reaction is re- 
versible, the efficiency is highly dependent on the redox proper- 
ties of the alcohols formed 181 in addition to the chiral recogni- 
tion capabilities of the catalyst. Therefore, high cnantioselectiv- 
ity is not possible in the preparation or alcohols having a high 
reduction potential such as 2,3-ben20-2-cyc!enols and 1- 
phenylcthanols with an electron-donating group on the aromat- 
ic ring. 111 Although this is the greatest flaw of this otherwise 
attractive asymmetric catalysis, the same tendency provides an 
opportunity for kinetic resolution of such secondary alcohols. 
However, this is possible only with a suitable catalyst and under 
suitable reaction conditions. Here, we report on an example of 
the direct resolution, without derivatization,** 1 of simple 
racemic alcohols by a purely chemical method, 1 *; l0 ~ 121 which 
is a useful complement to the asymmetric reduction of achiral 
ketones J 1 " 71 

Excellent kinetic differentiation of enantiomeric alcohols is 
achieved with the novel purple-colored Ru" complexes (S,S)-1 
{Ts = />-toluenesulfonyi, see Scheme 1). C3 - The kinetic resolu- 



OH 

i 



A 



O OH OH 



{S^S>1 a, arena - p-cymens 
(S.5>-1 n. arena - mashyians 



Scheme 1. Una unsaturated group. 



Kinetic Resolution of Racemic Secondary 
Alcohols by Ru"-Catalyzed Hydrogen 
Transfer** 

. Shohei Hashiguchi, Akio Fujii,Karl-iosef Haack, 

J Kazuhiko Matsumura, Takab Ikanya, and 
RyojiNoyori* 

The recent discovery of highly reactive, chiral metal com- 
plexes led to rapid advances in catalytic asymmetric transfer 
hydrogenauW 1 ' 71 Chiral diamine-bascd Ru n complexes are 
particularly efficient catalysts for the enandoselective reduction 
of prochiral ketones under mild conditions using 2-propanol as 
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tion in acetone occurs with the general sense of Equation (a). 
Thus, when a 2 M solution of racemic 1 -phenyl ethanol (2a) in 
acetone containing (S,S>lb {substrate/catalyst molar rado (S/ 
C) = 500) was left at 28 °C for 30 h, a 97:3 mixture of (i?)- and 
(S)-2a (94% cc) was recovered in 51 % yield in addition to the 



OH OH OH 



2b:H-CH,0 
2c. R- (CH^N 



3a;H-CH 3 
3t>: H-fl-CHa 



4acR«CH a 
«b: R - (CH2) 2 



6h:B-H 
Cb:R-CHj 



acetophenone product In 49% yield. The use of (5,5>1, which 
has a unique 16-electron configuration, is a key reason for the 
success when the reaction is conducted under nearly neutral 
conditions. Although treatment of the HCl adduct of 1, which 
has an 18-electron configuration,* 11 with KOH . generates the 
catatytically active species (S,S)-1 in situ/ 10 - 2 ' 3 * excess base 
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